Aluminosilicate aerogels offer potential for extremely low thermal conductivities at temperatures greater than 900˚C, beyond where silica aerogels reach their upper temperature limits. Aerogels have been synthesized at various Al:Si ratios, including mullite compositions, using Boehmite (AlOOH) as the Al source, and tetraethoxy orthosilicate as the Si precursor. The Boehmite-derived aerogels are found to form by a self-assembly process of AlOOH crystallites, with Si-O groups on the surface of an alumina skeleton. Morphology, surface area and pore size varies with the crystallite size of the starting Boehmite powder, as well as with synthesis parameters.
INTRODUCTION
Aluminosilicate aerogels are of interest as constituents of thermal insulation systems with potential for use at temperatures higher than those attainable with silica aerogels, which densify and sinter at temperatures above 800˚C. 1 It is anticipated that the effectiveness of aluminosilicate aerogels as thermal insulators will be influenced by their composition (Al:Si ratio), backbone structure, morphology, pore size distribution, physical and skeletal densities. The present study focuses on the synthesis of aluminosilicates from Boehmite precursors as the Al source, and tetraethylorthosilicate (TEOS) as the Si source. Titanium is introduced as a third metal in a ternary Al-Si-Ti system using titanium isopropoxide. The objectives of the work are to establish a fundamental understanding of the relationship among constituent ratios and synthesis parameters on aerogel structure and thermal properties, including densification and sintering, and to evaluate the effect of Ti addition on these properties. https://ntrs.nasa.gov/search.jsp?R=20110012055 2020-02-16T22:56:22+00:00Z
EXPERIMENT Synthesis
Aluminosilicate aerogels were prepared by a method similar to that of Aravind 2 at Al:Si ratios of 8Al:1Si and 3Al:1Si using a number of different Boehmite powders which varied in crystallite size. An Al 2 TiO 5 formulation was synthesized as a model compound. Boehmite (AlOOH) powders designated as P2 (4.9 nm crystallite size), and T25 (6.9 nm crystallite size), were obtained from Sasol North America. The powders were dispersed in nitric acid solution or water, and sonicated using a Misonix 4000 ultrasonic processor with a 419A tip for 2 minutes at 60 percent power. The dispersed Boehmite was combined with a solution of TEOS in 200 proof ethanol which had been hydrolyzed for 60 minutes with a stoichiometric amount of water and catalyzed with nitric acid. In those formulations incorporating Ti, titanium isopropoxide was added to the hydrolyzed TEOS at the end of the 60 minute hydrolysis time, at levels needed to achieve 2.5 to 10 mole percent titanium based. The combined sol was poured into polyethylene molds and held at either ambient temperature or 55˚C for 24 hours, following which the hydrogels were extracted into 200 proof ethanol, and then supercritically dried using CO 2 .
Characterization
Dried gels were characterized by physical measurement to determine shrinkage and physical density. Skeletal density, was determined by helium pycnometry, and nitrogen adsorption/ desorption was used to determine BET surface area and pore size distribution. Chemical bonding structure of starting powders and aerogels were characterized by Fourier Transform Infrared spectroscopy (FTIR). Field Emission Scanning Electron Microscopy (FESEM) was performed on uncoated samples to characterize pore morphology. Thermal analysis of the aerogels was conducted using simultaneous Thermogravimetric Analysis and Differential Thermal Analysis (TGA/DTA) in helium to identify mass loss and phase transitions. X-ray diffraction analysis (XRD) is being used to characterize powders and aerogels, as well as identify phases in heattreated samples.
DISCUSSION
The aluminosilcate aerogels produced from Boehmite differ from those produced using AlCl 3 and propylene oxide. Our prior work 3 has shown the backbone of the Boehmite-derived aerogels is produced by a self-assembly of Boehmite crystallites, with Al-O-Si groups formed on the crystallite surface, and has fewer tetrahedral AlO 4 groups than are obtained by the AlCl 3 route. Surface areas are significantly lower using Boehmite as an Al precursor, but so are the combined shrinkages in gelation and supercritical drying.
The T25 precursor was more acidic when suspended in nitric acid solution (pH 1.5), then the same formulation using P2 (pH 3). Both produced a pH 3 sol after combining with TEOS. The T25 also could be suspended in water (pH 5.5), which formed a mixed sol with pH 4.5-5.0, depending on Al:Si ratio. Addition of Ti to Si containing gels increased viscosity of the sol, and decreased gelation time; in some cases this resulted in trapping of bubbles in the hydrogel. At 10 mole % Ti, gelation occurred within one to two minutes. Five mole % Ti still enabled pouring of the sol into molds, and infiltration of blanket materials. The Al 2 TiO 5 composition gelled more slowly. Physical densities were nominally 0.07-0.08 g/cm 3 .
FTIR characterization
Fourier transform infrared spectra of representative P2 and T25 aerogels having 8Al:1Si and 3Al:1Si formulations are shown in Figure 1 . Peaks at 3294, 3095, 1384, 1072, 736, 620, 474 cm -1 are characteristic of the starting AlOOH powders, consistent with x-ray data that confirms the crystallite structure is unchanged with aerogel formation. The P2 powder itself, and associated aerogels, show more free -OH, characterized by the presence of an O-H stretching band near 3410 cm -1 . The peaks at 1140 and 930 cm -1 increase in intensity with increasing Si content, reflecting additional Si-O bonding. An IR band at 945 cm -1 , which can be attributed to Ti-O-Si bonding 4 was seen in 3Al:1Si aerogels formulated with added Ti using the T25 Boehmite precursor, but not in the corresponding P2 formulations. This band is present in the T25 aerogels regardless of the pH of the initial T25 suspension, and might be influenced by the larger d spacing 5 of the T25 crystallites compared to P2, as determined by x-ray diffraction, or to lower associated free -OH in the T25 preparations. The 945 cm -1 band is absent in the Al 2 TiO 5 , which contains no Si.
Surface area and pore size distribution
Surface areas and pore size distribution of the as supercritically dried aerogels varied with Boehmite precursor, with the highest surface areas (344-444 m 2 /g) obtained using the P2 powder at a 3Al:1Si ratio. Surface areas for the T25 formulations ranged from 278-316 m 2 /g. The addition of Ti using either P2 or T25 increased the frequency of larger nanopores, as shown in Figure 2 . The highest frequency of larger pores, and highest pore volume occurred with incorporation of Ti in the P2 system. 
TGA/DTA characterization
Ti incorporation also influences the thermal behavior of the aerogels (Figure 3) , increasing the mass loss between ambient temperature and 120˚C, and significantly decreasing the mass yield at 1400˚C from 80% in the 3Al:1Si aerogels without Ti to 76 and 70% with 10 mole percent Ti and in the Al 2 TiO 5 formulation. There is little decrement in final mass at the 5% Ti level. There also appears to be an additional transition at 250-275˚C in the Al 2 TiO 5 curve.
The DTA curves (Figure 4 ) are characterized by a phase transition between 395 and 435˚C associated with conversion of γ-AlOOH to γ-Al 2 O 3 6 . The peak position shifts with the crystallite size of the precursor, occurring at higher temperature for the larger T25 crystallite size compared with the corresponding formulation for P2. The transition temperature also decreases with increasing Al content, as well as with Ti addition. The 980˚C peak associated with mullite formation in the 3Al:1Si aerogels synthesized from AlCl 3 is absent in the 3A:1Si Boehmite-derived aerogels.
Above 1000˚C a number of phase transitions are evident, varying with aerogel type.
X-ray diffraction analysis of aerogels heated to temperatures in the range from 1000-1425˚C to identify phase formation is in progress.
Microstructural characterization
Of particular interest is identification of the temperatures at which nano-and mesoporosity is lost, and grain growth occurs, as this will have a major influence in increasing thermal conductivity, by both gas phase and solid conduction. FESEM images of P2 3Al:1Si aerogels as supercritically dried and after heating to 1425˚C (post DTA) are shown in Figure 5 . The P2, 3Al:1Si formulations produced the highest surface area (379-443 m 2 /g), with the exception of P2-derived Al 2 TiO 5 , and the smallest average pore diameter at 7.48 nm. Addition of Ti increases both surface area and the population of larger pores. The un-doped 3Al:1Si formulation also exhibits the smallest grain size microstructure after brief heating to 1425˚C, with a substantial number of small pores maintained. Note the larger grain sizes and large pores obtained from the P2 8Al:1Si and Al 2 TiO 5 formulations after heat treatment ( Figure 6 ). Note difference in scale between the two images.
